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The Evolution of Graphical Modeling in Economics from 2-Dimensional to Multi-Dimensional
Academics and scholars have long been limited to 2-dimensional graphical modeling (Shchepin, 1976) , but advancement in computer technology now allows the development of multi-dimensional graphical models. This paper illustrates a novel type of economic modeling for studying market behavior as a whole. This method combines new multidimensional graphical modeling tools with to display the propagation of effects in real time. Two-Dimensional graphical models are only able to display historical and forecasting data in the same graphical space within a limited space of time. In contrast, multidimensional real-time graphical modeling can display all possible changes among a large number of variables. By producing a multidimensional graph that displays simultaneous changes in many variables, this type of modeling allows observers to clearly see cause and effect among the different variables. Here, we demonstrate that 2-dimensional (X,Y) and 3-dimensional space (X,Y,Z) can only illustrate a micro-slice of complex and dynamic economic phenomena. The hypothesis of this paper is that 2-dimensional and 3-dimensional spaces are a micro-slice of the huge mega-space or universe of a fixed period of time and common space. To test this hypothesis, this paper applies an alternative, multi-dimensional graph- • The application of 2-dimensional and 3-Dimensional spaces in the economic graphical analysis is simply an ingrained tradition.
• 2-dimensional and 3-Dimensional spaces are simple and easy methods for visualizing basic trends or values in the same graphical space.
• Alternative and suitable multi-dimensional graphical models are not readily available.
The main hypothesis of this paper is that 2-dimensional and 3-dimensional spaces are inadequate for modeling complex economic behavior. The real world is constantly changing along nearly unlimited measures, spaces and times (Inselberg and Dimsdale, 1994) . Therefore, this paper proposes a type of multi-dimensional economic modeling that can dynamically display a large number of variables in the same graphical space in both real time and slow motion and that can be used to study the behavior of complex and dynamic economic phenomena.
An Introduction to the InterLinkage Coordinate Space
The inter-linkage coordinate space (Ruiz Estrada, 2011a ) is formed by an infinite number of general axes (A 0, A 1, …, A n …), perimeter levels (L 0, L 1, …, L n …) and window refractions (W 0, W 1,…, W n… ) (see .
. . .
General Axis n (
The inter-linkage coordinate space is available to fix a 
General Axis n (A ∞ ): y
Vizja Press&IT www.ce.vizja.pl
Economic Waves
In this section, we describe economic waves, which are generated from a large surface plotted in the same graphical space. The large surface is formed by different parts that represent different markets (countries/ regions), all of which are connected directly to a single epicenter. For the case studied in this paper, this epicenter is fixed by the GDP growth rate of the U.S.
The GDP growth rate of the U.S. economy can experience dramatic, uncontrolled and non-logical changes at any time, such as expansion, contraction or stagnation (Ruiz Estrada & Yap, 2013; Ruiz, Yap, & Park, 2014 ). An abrupt negative fall of the GDP growth rate in the U.S. economy can generate large negative effects Table 1 and Figure 2 ). Second, we assume that the economic wave in each market (country/region) propagate at different speeds and sizes. The size and speed of the economic waves depend on uncontrolled forces of the market, such as economic speculation(s), economic bubbles and imaginary markets (Issing, 2011) . The main objective in modeling these economic waves is to evaluate the global negative impact that comes from a deep economic recession in the U.S. economy. To do so, we use multi-dimensional graphical modeling that can illustrate the movement of economic waves in real time.
Basically, the multi-dimensional graphical animation technique (Ruiz Estrada, 2007; 
